Cyswllt i'r cyhoeddiad / Link to publication Dyfyniad o'r fersiwn a gyhoeddwyd / Citation for published version (APA): Bianchi, S., Hale, S., Cahalan, C., Arcangeli, C., & Gibbons, J. (2018). Light-growth responses of Sitka spruce, Douglas fir and western hemlock regeneration under continuous cover forestry. Forest Ecology and Management, 422,[241][242][243][244][245][246][247][248][249][250][251][252] Abstract 13 Natural regeneration is crucial for silvicultural approaches based on the continuous presence 14 of a forest cover, or Continuous Cover Forestry (CCF). Light is considered one of the most 15 important factors affecting regeneration growth under canopy cover. Sitka spruce, western 16 hemlock and Douglas fir are important forestry species both in Europe and in North America 17 with potential to be used together under CCF management. Our aim was to develop predictive 18 early-growth models for these species growing beneath forest canopies, and to investigate 19 species differences in terms of shade tolerance. 20 We sampled regenerating trees growing under canopy cover at multiple sites in the UK. We 21 compared alternative asymptotic non-linear models as a function of light availability to 2 22 simulate the height growth for all species and the diameter growth for Sitka spruce and western 23 hemlock only. We included tree size and intra-regeneration competition as predictors, which 24 affected the asymptotic growth at full light and/or the growth rate at which such asymptote was 25 reached. We also calibrated models of apical dominance ratio (ADR, for all species) and live 26 crown ratio (LCR, for Douglas fir and Sitka spruce only) as a function of light availability, tree 27 size and intra-regeneration competition.
144
1) The species-specific light-growth responses (in both height and diameter), under the 145 range of light regimes encountered in CCF systems, comparing different non-linear 146 models that include also tree size and intra-regeneration competition;
147
2) The species-specific crown plasticity (in terms of apical dominance ratio and live crown 148 ratio) under different light levels, how this process is affected by tree size and intra-149 regeneration competition, and whether the apical dominance ratio can be an indicator 150 of the growth condition of the tree; 155 The study areas included a wide range of forests across the UK, divided into various stands 156 dominated by different overstorey species (see Table 1 for more details). For each stand, we 157 laid out ten plots with a random-systematic approach. We drew random non-parallel transects 158 on a desktop map and placed on them evenly-spaced plots, later located in the field using a 159 GPS receiver. The distance between plots varied with the size of the stand. For each plot, we 160 selected the closest Sitka spruce (SS), western hemlock (WH) and/or Douglas fir (DF) naturally 161 regenerating tree, excluding trees with evident sign of browsing or other kinds of damage.
162 Trees were classified into broad height classes, and for subsequent plots we chose trees 163 belonging to a different class to ensure a balanced sample range. Recent silvicultural 164 management in each stand varied from no intervention to thinning of different intensity and 165 type, but purposely we selected no stand thinned in the last two years. We also relocated plots 166 that fell in areas with recent windblow events if possible; otherwise, we discarded them. While 167 all SS and WH seedlings were natural regeneration, one-third of the DF seedlings measured 397 For western hemlock, and to some extent also for Douglas fir, there was lack of data on trees 398 growing at full light, which especially for the former may have affected the analysis. However, 399 we covered the critical range of low-medium light levels most likely to be encountered in 400 continuous cover forestry stands, and where the growth performance is more influenced by 406 if it was very limited. We did not sample Sitka spruce trees growing at very low levels of light, 407 but due to the sampling design followed we cannot conclusively state that there were none 408 growing and surviving in those conditions. A more thorough sampling at those critical levels 409 of light would be necessary to improve the model, which showed an unrealistic positive growth 410 at zero light. With the data available, the Logistic model showed the best fit under all statistical 411 analysis. It must also be noted that hemispherical photography has been shown to be a poor 412 predictor of light transmitted through dense canopies, i.e. at values of GSF 0.1 and less (Hale   413 et 
SUPPLEMENTARY INFORMATION
We show here: Equation S 1, how to obtain the input value for half-maximum-growth in case of the Asymptotic-with-offset equation from the parameter lcr, considering the compensation point C; Table S .1, the summary of the biological effects of the various coefficients for the non-linear functions; Table S .2, the full list of Akaike Information Criteria (AIC) values for each model tested; Figure S .1, the schematics of the tree measurements; Figure S .2, the 95% prediction intervals for each model. For the latter, the 95% prediction intervals for each model
were calculated for each model by i) resampling 1,000 times the coefficients according to a multivariate distribution using the same variance-covariance of the calibrated model (using the package MASS from R Statistical Software); ii) calculating the predictions using all the new combinations of coefficients; iii) identify the 97.5% and 2.5% quantiles of those predicted values as upper and lower boundaries. Equation S 1: + C = log (2)/ exp ( ) Table S 
.1. Summary of the biological effects of the various coefficients used in the non-linear functions

A
Value of maximum growth (in cm or mm).
A2
Effect of competition on the maximum growth: if 0, it is null; if negative, it decreases the maximum growth.
Asym All equations
Pa
Effect of tree size on the maximum growth: null at 0, then increases the maximum growth with a stronger effect as this parameter increases.
K
Correlated to the growth rate to reach the maximum growth: for xmid, the higher the value, the slower the rate; for lcr, the opposite. Also, different scale for the different equations.
K2
Effect of competition on the growth rate: if 0, it is null; if negative, it decreases the growth rate, both in xmid and rate. xmid/lcr All equations
Pk
Effect of tree size on the growth rate: null at 0, then increases the growth rate with a stronger effect as this parameter increases, both in xmid and lcr.
S
Positively correlated to the steepness of the sigmoid curve.
scale Logistic Ps
Effect of tree size on the steepness of the sigmoid curve: null at 0, then increases the steepness with a stronger effect as this parameter increases.
C
Light level (GSF) equivalent to null growth (compensation point). cp Asymptoticwith-offset Pc
Effect of tree size on the compensation point: null at 0, then decreases the compensation point with a stronger effect going towards 1 and above. 
